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Abstract 


Maji(3Q}, firstly proposed neutrosophic soft sets can handle the indeter- 
minate information and inconsistent information which exists commonly in 
belief systems. In this paper, we have firstly redefined complement, union 
and compared our definitions of neutrosophic soft with the definitions given 
by Maji. Then, we have introduced the concept of neutrosophic soft matrix 
and their operators which are more functional to make theoretical studies in 
the neutrosophic soft set theory. The matrix is useful for storing an neutro- 
sophic soft set in computer memory which are very useful and applicable. 
Finally, based on some of these matrix operations a efficient methodology 
named as NSM-decision making has been developed to solve neutrosophic 
soft set based group decision making problems. 


Keywords: Soft sets, Soft matrix, neutrosophic sets, neutrosophic soft sets, 
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1. Introduction 


In recent years a number of theories have been proposed to deal with un- 
certainty, imprecision, vagueness and indeterminacy. Theory of probability, 
fuzzy set theory|54], intuitionistic fuzzy sets interval valued intuitionistic 
fuzzy sets [3], vague sets|26], rough set theory|4l]), neutrosophic theory {46}, 
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interval neutrosophic theory|59} etc. are consistently being utilized as effi- 
cient tools for dealing with diverse types of uncertainties and imprecision 
embedded in a system. However, each of these theories has its inherent diffi- 
culties as pointed out by Molodtsov|39. The reason for these difficulties is, 
possibly, the inadequacy of the parameterization tool of the theories. Later 
on, many interesting results of soft set theory have been obtained by em- 
bedding the idea of fuzzy set, intuituionstic fuzzy set, vague set, rough set, 
interval intuitionistic fuzzy set, intuitionistic neutrosophic set, interval neu- 
trosophic set, neutrosophic_set_and so on. For example, fuzzy soft set|34], 
intuitionistic fuzzy soft set 31) rough soft set (24) , interval valued in- 
tuitionistic fuzzy soft set 271, 53, , neutrosophic soft set 32, [33], generalized 
neutrosophic soft set [7] intuitionstic neutrosophic soft set 8 , interval valued 
neutrosophic soft set|20]. The theories has developed in many directions and 
applied to wide variety of fields such as on soft decision making 56] fuzzy 
soft decision making [19) i30, ,on relation of fuzzy soft set 50, , on 
relation on intuiotionstic fuzzy soft set 29}, , on relation on neutrosophic 
soft set|21]], on relation on interval neutrosophic soft set and so on. 

Researchers published several papers on fuzzy soft matrices and intu- 
itionistic fuzzy soft matrices, and it has been applying in many fields of real 
life scenarios(see|28, (30, [29), [35)). Recently Cagman et al(13] introduced soft 
matrices and applied it in decision making problem. They also introduced 
introduced fuzzy soft matrices{15], Chetia and Das|L1] defined intuitionistic 
fuzzy soft matrices with different products and properties on these products. 
Further Saikia et al defined generalized fuzzy soft matrices with four dif- 
ferent product of generalized intuitionstic fuzzy soft matrices and presented 
an application in medical diagnosis. Next, Broumi et alg] studied fuzzy 
soft matrix based on reference function and defined some new operations 
such fuzzy soft complement matrix, trace of fuzzy soft matrix based on ref- 
erence function a new fuzzy soft matrix decision method based on reference 
function is presented. Recently, Mondal et al (36, introduced fuzzy 
and intuitionstic fuzzy soft matrix and multicrita in desion making based 
on three basic t-norm operators. The matrices has differently developed in 
many directions and applied to wide variety of fields in (5, le, (47. 

Our objective is to introduce the concept of neutrosophic matrices and its 
applications in decision making problem. The remaining part of this paper 
is organized as follows. Section 2 contains basic definitions and notations 
that are used in the remaining parts of the paper. we investigated redefined 
neutrosophic soft set and some operations and compared our definitions of 


neutrosophic soft with the definitions given Maji[3QI in section 3. In section 
4, we introduce the concept of neutrosophic matrices and presente some 
of theirs basic properties. In section 5, we present two special products 
of neutrosophic matrices. In section 6, we present a soft decision making 
method based on and-product of neutrsophic matrice. Finally ,conclusion is 
made in section 7. 


2. Preliminary 


In this section, we give the basic definitions and results of neutrosophic 
set theory [46], soft set theory and soft matrix theory that are useful 
for subsequent discussions. 


Definition 1. lua] Let U be a space of points (objects), with a generic element 
in U denoted by u. A neutrosophic sets(N-sets) A in U is characterized by a 
truth-membership function T4, a indeterminacy-membership function I, and 
a falsity-membership function F'4. Ta(u); Ia(u) and F'4(u) are real standard 
or nonstandard subsets of |0,1|. It can be written as 


A= fe U, (T'4(u), La(u), Fa(u)) > ue vu, Ta(u), La(u), Fa(u) ‘= (0, 1}}. 


There is no restriction on the sum of T4(u); Ia4(u) and Fy(u), so0 < 
supT 4(u) + supl4(u) + supF'4(u) < 3. 


Definition 2. leg Let U be a universe, E be a set of parameters that are 
describe the elements of U, and AC E. Then, a soft set F'4 over U is a set 
defined by a set valued function f4 representing a mapping 


fa: E — P(U) such that fa(xz) =O ifreE-—A (1) 


where fa is called approximate function of the soft set F4. In other words, 
the soft set 1s a parametrized family of subsets of the set U, and therefore it 
can be written a set of ordered pairs 


Fa = {(2, fa(z)) :@ € B, fa(z) = 0 ofa e E— A} 


The subscript A in the f4 indicates that f,4 is the approximate function 
of F'4. The value f4(x) is a set called x-element of the soft set for every 
Be i, 


Definition 3. fag) Let F'4 be a soft set over U. Then a subset of U x E is 
uniquely defined by 


Ra=4((u,0)/ (a, %)) (,o) €U «x BE} 


which is called a relation form of F4. The characteristic function of Ra 1s 
written by 

1, of (Gee) S Ra, 

0, if(u,x) € Ra. 


If U = {uj, ta, ..,Um}, 2 = {@1, 22, ...,%_} and AC EF, then the Ra can 
be presented by a table as in the following form 


Xn, :Ux E> (0, 1], vralttz) = { 


U1 | XRa (ui, £1) XRa (ui, £2) ve XRA (t1,2n) 
U2 XR, (Ue, 71) XR, (U2, £2) ve XR, (U2, Fn) 
Um | XRa (Wrage) XRa (Um, £2) vee XR (Uiere) 


U1 12 *'* Lin 

TQ, a2 °° Lan 
(Oe loses 

Lm1l m2 *** Lmn 


which is called anim x n s-matrix of the soft set F4 over U. 


From now on we shall delete the subscripts m x n of [ajj|mxn, we use [aij] 
instead of |a:j|mxn for 7 = 1,2, ...m and j = 1, 2,...n. 


Definition 4. fag) Let [aj;|, [bis] € FSMmxn. Then And-product of [a;;| and 
[biz] 1s defined by 


WN FSMinxn x FSMmxn => PS Mian [ai5] A [Dix] = len 


where Cip = min{aj;, dix} such that p= n(j — 1) +k. 


Definition 5. ing] Let |ai;], [bin] € FSMmxn- Then Or-product of |a;;] and 
[biz] is defined by 


Wee FSMinxn x FSMmnxn = PSM es [ai,] V [Dix] = lee 


where Cip = max{aj;, big} such that p= n(j — 1) +k. 


Definition 6. ing] Let [cip] € SMinxn2, Ip = {p : Fi, cip A 0,(K — 1)n < 
p< kn} for allk € I = {1,2,...,n}. Then fs-maz-min decision function, 
denoted Mm, is defined as follows 


Mm: FSMinxn2 2 FSMmx1, MmlIcip| = [da] = [max {tir J] 


where 


= minyer, {Cip}, of Ti, f 0, 
20; if In = 0. 


The one column fs-matriz Mm|cip| ts called max-min decision f s-matric. 


Definition 7. Let U = {uy, ua, ...,Um} be an initial universe and Mm|[cip| = 
[di]. Then a subset of U can be obtained by using |dj1| as in the following 
way 

optia,)(U) = {dia /ui 1Ug E U, diy - Oo} 


which is called an optimum fuzzy set on U. 
Definition 8. [eq] Let U be a universe, N(U) be the set of all neutrosophic 
sets on U, E be a set of parameters that are describe the elements of U, and 


ACE. Then, a neutrosophic soft set N over U is a set defined by a set 
valued function fy representing a mapping 


fy: A> N(U) 


where fy is called approximate function of the neutrosophic soft set N. In 
other words, the neutrosophic soft set is a parametrized family of some ele- 
ments of the set P(U), and therefore it can be written a set of ordered pairs 


N = {(e, fy(2)) :@ € A} 


Definition 9. led] Let N, and Ny» be two neutrosophic soft sets over neutro- 
sophic soft universes (U, A) and (U, B), respectively. 


1. N, is said to be neutrosophic soft subset of No if A C B and T Fie egy th) < 
Tey (tl); TFs (u) < lies (w) one (a> Patek (u), V2 Ee A,ue 
U. 


2. N, and No are said to be equal if N, neutrosophic soft subset of No and 
No neutrosophic soft subset of No. 


Definition 10. [ej Let E = {e1, €2,...} be a set of parameters. The NOT 
set of E is denoted by AE is defined by nE = {-e1,-€2,...} where Ae; = 
not e;, Vi. 


Definition 11. [sy Let N, and Nz be two neutrosophic soft sets over soft 
universes (U, A) and (U, B), respectively, 


1. The complement of a neutrosophic soft set N; denoted by N? and ts 
defined by a set valued function fx representing a mapping fx, : 7E > 
N(U) 


fn, > {(u, < TT fe cs (te) acl fre cay al freee ) >) :LE AF ,u E Uy, 
2. Then the union of N, and Ng is denoted by N,\UON> and is defined by 


N3(C = AUB), where the truth-membership, indeterminacy-membership 
and falsity-membership of N3 are as follows: Vu € U, 


i ae (u), ies EA-B 
T fvqtay(U) = Thy(ay (4) ais EB-A 
max{T fy, (4) (u), 7 he (u)}, im ioa EANB 
haa 7 he 
€ = 
Ip ,(u) = & Ufnacer(t if 
9 y) 
Pets (u), ifeeA-—B 
Fy q(a) (U) a Pigtails ifeeB-—A 


Mind Ty, (Us Lpnaca (U) I ifcEe ANB 


3. Then the intersection of N, and Nz is denoted by NiAN> and is de- 
fined by N3(C = AM B), where the truth-membership, indeterminacy- 
membership and falsity-membership of N3 are as follows: Vu € U, 
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: Len cy OP ary py M)) 
Tay (u) = mintT $y, () Ct) Leen (u)} ? Lp gat) — eee amen 


and F's, ..(u) = max{Ffy (U4), Fina (Uh, VE € C. 
Definition 12. fod) t-norms are associative, monotonic and commuta- 
tive two valued functions t that map from |0, 1] x [0,1] into [0,1]. These 
properties are formulated with the following conditions: Va,b,c,d € 
[0, 1, 

(10,0) = 0 and ad) 11,8) —«@, 

ii. Ifa<candb <d, then t(a,b) < t(c,d) 

iii. t(a, b) = t(b, a) 

i 4(G,0(0,C))} = tt a,bye)) 
Definition 13. fed] t-conorms (s-norm) are associative, monotonic 
and commutative two placed functions s which map from [0,1] x [0, 1] 
into [0,1]. These properties are formulated with the following condi- 
tions: Va,b,c,d € [0, 1], 

i s(1,1)= 1 and 3(a,0) = 50,4) =a, 

ii. itfa<c and b<d, then s(a,b) < s(c,d) 
iit. B(a, 0) = 9(b;0) 

iv. s(a,s(b,c)) = s(s(a, b,c) 


t-norm and t-conorm are related in a sense of lojical duality. Typical 
dual pairs of non parametrized t-norm and t-conorm are complied below: 


1. Drastic product: 


_ f min{a,b}, max{ab} =1 
tu(a, b) = { 0, otherwise 


aw. Drastic sum: 


_ f max{a,b}, min{ab} =0 
$w(a, b) = { 1, otherwise 


iu. Bounded product: 


ti (a,b) = mazr{0,a+b—1} 


iv. Bounded sum: 
s1(a, b) = min{1,a + b} 


v. Einstein product: 


a.b 
ne =a 
ui. Einstein sum: 
Coe a+b 
51.5(a, — 1 + a.b 
vit. Algebraic product: 
to(a, b) = a.b 


viii. Algebraic sum: 
so(a,b) =a+b—ab 


ix. Hamacher product: 


a.b 
Ce eerie 
x. Hamacher sum: 
Coe a+ b—2.a.b 
a ae 1—a.b 


tt. Minumum: 


ts(a, b) = min{a, b} 


tit. Maximum: 


s3(a,b) = max{a, b} 


3. Neutrosophic soft set and some operations redefined 


Notion of the neutrosophic soft set theory is first given by Maji (32). This 
section, we has modified the definition of A id bo soft set and operations 
22, 


as follows. Some of it is quoted from (il 4, ial 2 ba, l46}. 


Definition 14. Let U be a universe, N(U) be the set of all neutrosophic sets 
on U, E be a set of parameters that are describe the elements of U Then, a 
neutrosophic soft set N over U is a set defined by a set valued function fx 
representing a mapping 

fv: E> N(U) 
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where fx is called approximate function of the neutrosophic soft set N. For 
x €E, the set fy(x) is called x-approzimation of the neutrosophic soft set N 
which may be arbitrary, some of them may be empty and some may have 
a nonempty intersection. In other words, the neutrosophic soft set is a 
parametrized family of some elements of the set N(U), and therefore it can 
be written a set of ordered pairs, 


N= {(2, {< Us fate) Uy lps (ti), Ee) > LE U} [aE E} 
where 
Thy (a) (tl), Lpy (a) (U4); Fpy(a)(u) € [0, 1] 

Definition 15. Let N; and Nz be two neutrosophic soft sets. Then, the 
complement of a neutrosophic soft set N, denoted by Nf and is defined by 

No = {(@, {< Uy Phy. (@) (u), Lfy, ce) ase ee (u) PLE U} :LE E} 
Definition 16. Let N; and Nz be two neutrosophic soft sets. Then, the 
union of Ny, and Nz is denoted by N3 = N,UNo2 and is defined by 

N3 = {(2, t= ths T praca (OH) od feestey Us Hf (W) PLE U} :GE E} 


where 

Lie) = S(T fen (8) tresesy U)), Ley) = Ege ty Oi Des) 
and rh eae (u) al BE Fe) Ppees (u)) 
Definition 17. Let N; and Nog be two neutrosophic soft sets. Then, the 
intersection of N, and Nz is denoted by Nz = N,ANo and is defined by 


Na = {(2, {< th Tpcas() 5 Lf cay Uy Epa PLE U} :DE E} 


where 

Theces tt) = BUT fctass MU) a tivseas (UE) Co) = 8(L fy, (Hs Lpn cay (M4) 
and Eek (a) = Sl Pp ees (th), ee 
Example 1. Let U = {uy, 2, u3, us}, EB = {21,22,03}. Ny and No be two 
neutrosophic soft sets as 


Ni = {lar ui (04, 0.5, 0.8) >, < ue, (0.2, 0.5, 0.1) >, < us, (0.3, 0.1, 0.4) >, 


< ua, (0.4, 0.7, 0.7) >}), (22, < ur, (0.5, 0.7, 0.7) >, < Ug, (0.3, 0.6, 0.3 


) 
) 
) 


>) 


< u3, (0.2, 0.6, 0.5) >, < ua, (0.4, 0.5, 0.5) >}), (x3, f< ur, (0.7, 0.8, 0.6) >, 
< Up, (0.5, 0.6, 0.7) >, < ug, (0.7, 0.5, 0.8) >, < ua, (0.2, 0.8, 0.5) >}) 


and 


No = {Cor £< tay (07,016,027) > < Ug, (0.4, 0.2, 0.8) >, < us, (0.9, 0.1, 0.5) >, 
aig. (OA, OT OT) } ic oy < tas (0530.7 0.8) = tis (0.5;0:950:3)S, 
< ug, (0.5, 0.6, 0.8) >, < wa, (0.5, 0.8, 0.5) >}), (x3, f< u1, (0.8, 0.6, 0.9) >, 
< Ug, (0.5, 0.9, 0.9) >, < us, (0.7, 0.5, 0.4) >, < wa, (0.3, 0.5, 0.6) >}) 

here; 
Ne = { (ors £< us (08,05, 04) > < Ug, (0.1, 0.5, 0.2) >, < us, (0.4, 0.1, 0.3) >, 


) 
<< tba (Os Oe UA) 4) 5 (aos = tag (O16 0: 5.0 8) 3. = te (0:3.0:80'3) >, 
< U3, (0.5, 0.6, 0.2) >, < wa, (0.5, 0.5, 0.4) >}), (as, f< ui1, (0.6, 0.8, 0.7) >, 


< Up, (0.7, 0.6, 0.5) >, < us, (0.8, 0.5, 0.7) >, < ua, (0.5, 0.8, 0.2) >}) 


Let us consider the t-norm min{a, b} and s-norm max{a,b}. Then, 


N,UN2 = {orf us (OF 0.5, OAs < Ug, (0.4, 0.2 0.1) Ss < us, (0.9, 0.1 , 0.4) >, 
<thas (0:450.7, 0:7) >}, (ea, <a, (0.5, 0:7, 027) << tens (0.5,.0.6,:0.38) >, 
< u3, (0.5, 0.6, 0.5) >, < wa, (0.5, 0.8, 0.5) >}), (x3, f< ux, (0.8, 0.6, 0.6) >, 
< Ug, (0.5, 0.6, 0.7) >, < us, (0.7, 0.5, 0.4) >, < ua, (0.3, 0.5, 0.5) >}) 
and 
N,AN2 = { (en {<u (04, 0.6, 0.8) >, < Ug, (0.2, 0.5,0.8) >, < us, (0.3, 0.1, 0.5) >, 


) 
< Ma (OA 077, O10) >), (eas th, (052 007,008); Se tio, 108,0.9:.0.3) Ss 
< ug, (0.2, 0.6,0.,8) >, < ua, (0.4, 0.8, 0.5) >}), (x3, f< u1, (0.7, 0.8, 0.9) >, 


< Ug, (0.5, 0.9, 0.9) >, < us, (0.7, 0.5, 0.8) >, < ua, (0.2, 0.8, 0.6) >}) 


Proposition 1. Let N,, Nz and N3 be any three neutrosophic soft sets. 
Then, 


1. N{ONz = NoUN; 


2. NiNnNs => No, 
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3. N,U(N,UN3) = (N,ON2)UN3 
4. NyACNaAN3) = (NiAN2)ANS 


PROooF. The proofs can be easily obtained since the t-norm function and 
s-norm functions are commutative and associative. 


3.1. Comparision of the Definitions 

In this subsection, we compared our definitions of neutrosophic soft with 
the definitions given Maji[3Q} by inspiring from 

Let us compare our definitions of neutrosophic soft with the definitions 
given Maji[3Q| in Table 1. 


In this paper our approach in Majji 


N={(a, fy(w)): cE B} N= {(a, firv(a)) = © € A} 


where N = {(a, fn(z)) : x € A} 
E parameter set and ACE 


Table 1 


Let us compare our complement definitions of neutrosophic soft with the 
definitions given Maji[32| in Table 2. 


In this paper our approach in Maji 


Ny Ny 
ff: E>N(U) fy TB a NW) 


Pye ce) (U) = ee) oa) (4) a Fine) 
T fye(qy (U) = 1 Lyris @) 3 — does (u) 
Five (U) _ Ty tay) 


Table 2 


ick 


Let us compare our union definitions of neutrosophic soft with the defi- 
nitions given Maji[32| in Table 2 


In this paper our approach in Maji 


N3 = NiUN2 N3 = N\UN2 
fu; : E> NU) Insta) >A NU) 
where 


Treat) rE A-B 


Thyg(z) (u) = 8(T yy, (2) (u), Thr, (ay (&)) Thy4(2) (u) = T fy (ay (H)s tEB-A 
max{T py, ()(U)sTfvsa(W} ZEANB 


Ltn, (ay (U)s reEA-B 
I u), rEB-A 
Liege = Cir) Figo) Tiny = 4 Geo oy 
Ni (2) ; No (2) rE ANB 
Phy, (a) (U)s xEA-B 


Pina (a) (u) = t(F py, (a) (u), Fry. (2) (u)) Fry¢x) U) = Pty (2) (u), reB—A 
min{I py, (2) (U)sLtvsc2)(U)}, CEANB 


Table 2 


Let us compare our_intersection definitions of neutrosophic soft with the 
definitions given Majil32] in Table 2. 


In this paper our approach in Maji 


Nz = NAN» 
IN3(z) :A=> NU) 


= t(T py, (M4) Thing (a) (U)) Tfya(x) (U) = mintT fy, (a) (U )s Dpny cay (4) I 


Cty, (2) U uly a) (4)) 
= 81 fy, (ey (4)s Lng (U)) L teatay (Ht) = we) 2 “a 
= 8 Fhe cay ts Pps (2) (u)) Pf (a) (U) = = max{ Ff, cay) ie (a) (U)} 


Table 3 


4. Neutrosophic Soft Matrices 


In this section, we presented neutrosophic soft matrices which are repre- 
sentative of the neutrosophic soft sets. The matrix is useful for storing an 
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neutrosophic soft set in computer_memory which are very useful and appli- 
cable. Some of it is quoted from (13), : 

This section are an attempt to extend the concept of soft matrices|13}, 
fuzzy soft matrices(15], intuitionistic fuzzy soft matrices|5]. 


Definition 18. Let N be an neutrosophic soft set over N(U). Then a subset 
of N(U) x E is uniquely defined by 
Ry = {(fn(2), x): 2 © E, fu(x) € N(U)} which is called a relation form 
of (N, E). The characteristic function of Ry is written by 
Ony* N(U)xE [0, 1] x [0, 1]x [0, 1], Orn, (u, r) = (Thy (y(t), I py(a)(w), F'sy(x)(w)) 


where Ty (2)(u), Lpy(x)(u) and Fr (x)(u) as the truth-membership, indeterminacy- 
membership and falsity-membership of u € U, respectively. 


Definition 19. Let U = {ui, us,...,Um}, BE = {21, %2,...,2n} and N be an 
neutrosophic soft set over N(U). Then 


Rn fn(%1) fn(x2) meses fn (Zn) 

U4 Ory (ur, Li) Orn (us, ©) se Gay (u1, a) 
Uz | Ory(ue,%1) Ory (U2,%2) +++ On, (U2, tn) 
then. | OR y (ims 21) ORyltin, Za) => Ong (tig; Xn) 


aii 12 Qin 
a2, 492 2n 
[aig] ; 
Gmi Gm2 *** Amn 
such that aj = (Z'py(w,)(ti), Lpy(e;) (Ui), Fry (e,)(mi)) = (TG, 15, FG), which 


is called an m x n neutrosophic soft matrix (or namely NS-matrix) of the 
neutrosophic soft set N over N(U). 

According to this definition, an a neutrosophic soft set N is uniquely char- 
acterized by matrix [a;;|mxn. Therefore, we shall identify any neutrosophic 
soft set with its soft NS-matrix and use these two concepts as interchange- 
able. The set of all m x n NS-matrix over N(U) will be denoted by Tous 
From now on we shall delete th subscripts m x n of [aij]mxn, we use [a;;] in- 
stead of [aij|mxn, since [a;;] € Noysen Means that [a;;] is an m x n NS-matrix 
for 4] 1,2... ad 9 = 1, 2, site 
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Example 2. Let U = {uj,u2,u3}, BE = {x1, 22,23}. Ny be a neutrosophic 
soft sets over neutrosophic as 
NG =< (ry ti (OT, 06,027) >, <s, (04, 09:08) >< tig.(0.9, 0.10.5) SF), 
(a, < 4, (0:5;,0.7,0.8) >, < ta, (0.5, 0.9, 0.3) >, < ua; (0.5;0.6; 0,8) >}), 
(x3, {< uz, (0.8, 0.6,0.9) >, < us, (0.5, 0.9, 0.9) >, < us, (0.7, 0.5, 0.4) >} 


Then, the NS-matriz |a;;| 1s written by 


(0.7,0.6,0.7) (0.5,0.7,0.8) (0.8, 0.6, 0.9) 
[a;;] = | (0.4,0.2,0.8) (0.5,0.9,0.3) (0.5, 0.9, 0.9) 
(0.9,0.1,0.5) (0.5,0.6,0.8) (0.7, 0.5, 0.4) 


Definition 20. A neutrosophic soft matrix of order 1 xn 1.e., with a single 
row is called a row-neutrosophic soft matrix. Physically, a row-neutrosophic 
soft matrix formally corresponds to an neutrosophic soft set whose universal 
set contains only one object. 


Example 3. Let U = {ui}, EF = {@1, 22,273}. Ny be a neutrosophic soft sets 
over neutrosophic as 


N= {es {< u1, (0.7, 0.6, 0.7) >}), (x2, < u1, (0.5, 0.7, 0.8) >}), 


(x3, {< u1, (0.8, 0.6, 0.9) >} 


Then, the NS-matriz |a,;| 1s written by 
[aij] = [(0.7,0.6,0.7) (0.5,0.7,0.8) (0.8, 0.6, 0.9)] . 


Definition 21. A neutrosophic soft matrix of order m x 1 1.e., with a single 
column is called a column-neutrosophic soft matrix. Physically, a column- 
neutrosophic soft matrix formally corresponds to an neutrosophic soft set 
whose parameter set contains only one parameter. 


Example 4. Let U = {uj, u2,u3, ua}, BE = {x1}. Ny be a neutrosophic soft 
sets over neutrosophic as 


N= {a {< uy, (0.7, 0.6, 0.7) >, < ug, (0.4, 0.2, 0.8) >, < ug, (0.9, 0.1, 0.5) >, 


< ua, (0.4, 0.7, 0.7) >} 


14 


Then, the NS-matrix |a;;| 1s written by 


(0.7, 0.6, 0.7) 

=e (0.4, 0.2, 0.8) 
i] ~ | (0.9, 0.1, 0.5) 
(0.4, 0.7, 0.7) 


Definition 22. A neutrosophic soft matrix of order m x n is said to be 
a square neutrosophic soft matrix if m = n t.e., the number of rows and 
the number of columns are equal. That means a square-neutrosophic soft 
matrix is formally equal to an neutrosophic soft set having the same number 
of objects and parameters. 


Example 5. Consider the Example [2. Here since the NS-matrix contains 
three rows and three columns, so it is a square-neutrosophic soft matria. 


Definition 23. A square neutrosophic soft matrix of order m x n is said to 
be a diagonal-neutrosophic soft matrix if all of its non-diagonal elements are 
(0,0, 1). 


Example 6. Let U = {uy, ue, u3, ua}, EF = {21,220,273}. Ny be a neutrosophic 
soft sets over neutrosophic as 


N= {a {< us, (0.7, 0.6,0.7) >, < uz, (0.0, 1.0, 1.0) >, < ug, (0.0, 1.0, 1.0) >}), 
(x2, < ur, (0.0, 1.0, 1.0) >, < ua, (0.0, 1.0, 1.0) >, < uz, (0.0, 1.0, 1.0) >}), 
(x3, {< uz, (0.0, 1.0, 1.0) >, < ug, (0.0, 1.0, 1.0) >, < ug, (0.7, 0.5, 0.4) >} 


Then, the NS-matriz [a;;| is written by 


(0.7,0.6,0.7) (0.0,1.0,1.0) (0.0, 1.0, 1.0) 
[a;;] = |(0.0,1.0,1.0) (0.0,1.0,1.0) (0.0, 1.0, 1.0) 
(0.0,1.0,1.0) (0.0,1.0,1.0) (0.7, 0.5, 0.4) 


Definition 24. The transpose of a square neutrosophic soft matrix [a;;| of 
order m X n is another square neutrosophic soft matrix of order n x m ob- 
tained from |a;;| by interchanging its rows and columns. It is denoted by 
[aj,|. Therefore the neutrosophic soft set associated with |aj;] becomes a new 
neutrosophic soft set over the same universe and over the same set of param- 
eters. 
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Example 7. Consider the Example[Q If the NS-matria [a;;| is written by 


(0.7,0.6,0.7) (0.5,0.7,0.8) (0.8, 0.6, 0.9) 
[aij] = | (0.4,0.2,0.8) (0.5,0.9,0.3) (0.5, 0.9, 0.9) 
(0.9,0.1,0.5) (0.5,0.6,0.8) (0.7, 0.5, 0.4) 


then, its transpose neutrosophic soft matrix as; 


(0.7,0.6,0.7) (0.4,0.2,0.8) (0.9, 0.1, 0.5) 
[ai;] = | (0.5,0.7,0.8) (0.5,0.9,0.3) (0.5, 0.6, 0.8) 
(0.8,0.6,0.9) (0.5,0.9,0.9) (0.7, 0.5,0.4) 


Definition 25. A square neutrosophic soft matrix [a;;| of order n xn is said 
to be a symmetric neutrosophic soft matrix, if its transpose be equal to it, 
i.e., if [aj] = [aij]. Hence the neutrosophic soft matrix [a,;|) is symmetric, if 
[aij]= [agi] V2, 9. 

Example 8. Let U = {ui,u2,us}, FE = {x1, 22,23}. Ni be a neutrosophic 
soft sets as 


N= cr {<4 (07, 06.7) >, < 5, (04,02, 0:8) S-< ty, (0.9;0.1, 0.5) SF), 


(x2, < ur, (0.4, 0.2,0.8) >, < ua, (0.5, 0.9, 0.3) >, < uz, (0.5, 0.9, 0.9) >}), 
(x3, {< ur, (0.9, 0.1, 0.5) >, < ua, (0.5, 0.9, 0.9) >, < ug, (0.7, 0.5, 0.4) >} 


Then, the symmetric neutrosophic matria |a;;| 1s written by 


(0.7,0.6,0.7) (0.4,0.2,0.8) (0.9, 0.1, 0.5) 
[a;;] = | (0.4,0.2,0.8) (0.5,0.9,0.3) (0.5, 0.9, 0.9) 
(0.9,0.1,0.5) (0.5,0.9,0.9) (0.7,0.5,0.4) 


Definition 26. Let [a;;| € Nessus Then [a,j] is called 

i. A zero NS-matrix, denoted by [0], if aj; = (0,1,1) for alli and j. 

ii. A universal NS-matriz, denoted by [1], if ai; = (1,0,0) for alli and j. 
Example 9. Let U = {uj, ue, u3}, FE = {21, 2,23}. Then, a zero NS-matrix 
[a;;| is written by 


(0,1,1) (0,1,1) (0,1,1) 
[ais] = (0,151) (0, 1,1) (0, 1, 1) 
(0,1,1) (0,1,1) (0,1,1) 
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and a universal NS-matriz [a;;| is written by 


(1,0, 0) 
[ai,] = a 0, 0) 
(1, 0, 0) 


(1,0,0) (1,0 
(1,0,0) (1,0 
(10,0) *(1,0 


Definition 27. Let |a;;|, b;;| € Nmxn- Then 


0 
0 
0 


) 
) 
) 


i. [aij] is an NS-submatriz of [b;;], denoted, [a:;]C[bi;], if Th > 


F°. 


and Fy Bae yn 


for alli and 7. 


it. [aij] 1s a proper NS-submatrix of [bj;;|, denoted, [ai;|C[bij], if 
> Tp and If < Ip, and F's < FP 


I < Tp, and Fy < FR 
for a and j. 


itt. [aj;| and [b;;| are IFS equal matrices, denoted by [a;;] = [b;;], if aij = bi; 


for alli and j. 


for at least Ty 


7] 


Definition 28. Let [a;;], [bi;| € Nmxn. Then 
i. Union of [a;;] and Ps i denoted, [a;;|U[b;;], if oy = = (2 ie 


Ty = 
and j. 


=m! 7) dT 


ag? ~ ag 

1. 
where TE = min{T§, Ty}, 1 
for alli aid ue 

1. 
and j. 


Lawes 


~~ = min{ agr~ tg 


Complement of [a;;], denoted by [a;,;]°, 


} and F. 


ag? “dy 


Example 10. Consider the Example[i| Then, 


0.7, 0.5, 0.7) 
ee. y... | (04,0.2,0.1) 
aig) [bij] = 0.9, 0.1, 0.4) 

) 


0.4, 0.7, 0.7 


——_~ —~ — —> 


(0.4, 0.6, 0.8) 

| = (0.2, 0.5, 0.8) 
i9 (0.3, 0.1, 0.5) 
(0.4, 0.7, 0.7) 


“yr 


[aig] 


= min{ 


} and F, 


ig? ag 
ij? 


Intersection of |ai;| and [b;; ip denoted, [aig]A|bi;|, of ae = 
= max{i?, 1° 


if Gy = (F4,1 = Ig, 
(0.5,0.7,0.7) (0.8, 0.6, 0.6 
(0.5,0.6,0.3) (0.5, 0.6, 0.7 
(0.5,0.6,0.5) (0.7, 0.5, 0.4 
(0.5,0.8,0.5) (0.3, 0.5, 0.5 
(0.5,0.7,0.8) (0.7, 0.8, 0.9 
(0.3,0.9,0.3) (0.5, 0.9, 0.9 
(0.2,0.6,0.8) (0.7, 0.5, 0.8 
(0.4,0.8,0.5) (0.2, 0.8, 0.6 


Ty, I? cage 


? 


re. Fy 


( 


Te 


) 
) 
) 
) 


) 
) 
) 
) 


Te de 
= max{F’ 


and 


(0.8, 0.5, 0.4) (0.7,0.3,0.5) (0.6, 0.2, 0.7) 
fag] = [(0-1:0-5:0-2) (0.3,0.4,0.3) (0.7,0.4,0.5) 
i (0.4,0.9,0.3) (0.5,0.4,0.2) (0.8, 0.5, 0.7) 

o4as oa (0.5,0.5,0.4) (0.5, 0.2, 0.2) 


Definition 29. Let [a;;], [bij] € Nmxn. Then [aij] and [b,;] are disjoint, if 
[aig]A[biz] = [0] for alli and j. 


Proposition 2. Let [a;;| € Nowe: Then 


i. ([aig]*)” = [ag] 


i. [ax] C [1] 


iw. [aig]C [bij] and [bij]Cleij] > [aig] leis] 
Proposition 4. Let [a;;], [bij], [cj] € Nmxn. Then 
i. [aij] = [big] and [bi 


[cig] <> [aig] = [cig] 


| 
ii. [ai] [bi] and [bij] Clas] = [aij] = [bi] 


Proposition 5. Let [aj;], [bij], [cj] € Nmxn. Then 
1. aij U aig > [ai5] 


10. aij U 0} = [ai,] 


Proposition 6. Let [a;;], [bij], [cj] € Nmxn- Then 


4. [aaj] [aij] = [ais] 
i. [aJA[0] = [0] 
wii. fay|ALL] = [aay] 
iv. [aig)A [big] = [big] [aay] 


v. ([aig] [is] Oleg] = [aig] [big] Meas] 
Proposition 7. Let [a;;], [bij] © Ninxn. Then De Morgan’s laws are valid 

i. ([aig]U[bis])° = [aig] [Bisl° 

it. ([aig][bis])° = [aig]°U[big]° 


PROOF. 2. 

([ai)U[bij))° = (05,15, FOGG. 2, FN)" 
= [(max{T¥, Ty. min{/¥,, eas min{ Fy, ae 
= [(min{F% Wp Fy max{l ae au max{T¥, T;.t))] 
= [(F5. 15, THIN Lj Th) 
= ais) [is]° 

([aij]A[big))° = (75,15, FAINT, Hi, Fay) 
= [(min{T§, Ti}, max{Ij, [j,}, max{ Fj, Fi3})]° 
= [(max{ Fi, Hey min{1 — J%,, 1— I}}, min{7” ep T;;}))| 
= (Fi, Tip TV (Fi. Li T)] 
= [aij)"U[bis]* 


Proposition 8. Let |a;;], [bij], [cij| € Nave: Then 
t. [aig\A([big]Uleig]) = (Laig} (big) )O Cag] [eas]) 
ti. [aig\O([big]Mcig]) = (Laeg]O([big]) (fag]U [eig]) 
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5. Products of NS-Matrices 


In this section, we define two special products of NS-matrices to construct 
soft decision making methods. 


Definition 30. Let |a;;], [bix| € Nosen. Then And-product of |a;;| and [b;;| 
is defined by 


Re Niven SN nea Nee: Vag [bal = le) St Tee Pe) 


ip) “ip? 


Te (Tz, T},), i = s(Is, I°,) and f= = s(Fg, Fe) such that p= 
nj — 1). +k 


Definition 31. Let |a;;], [bix| € Nomen. Then And-product of |a;;| and [b;;| 
is defined by 


AP SeIN ae SON id IN ests [ass] V [bie] = [Cip] = (TE, IE, FS) 


ip) *ip) 
where 
Ts = s(TZ,T),), 16 = tUg,1%,) and FE = t(F§,F%) such that p = 


nj — Hy +k 
Example 11. Assume that |a;;], [bix| € Nags are given as follows 


(1.0,0.1,0.1) (1.0, 0.4, 0.1) 
[a;j] = | (1.0,0.2,0.1) (1.0, 0.1, 0.1) 
(1.0,0.8,0.1) (1.0, 0.7, 0.1) 


(1.0,0.7,0.1) (1.0, 0.1, 0.1) 

[bij] = | (1.0,0.5,0.1) (1.0, 0.2, 0.1) 

(1.0,0.5,0.1) (1.0, 0.5, 0.1) 
(1.0,0.7,0.1) (1.0,0.1,0.1) (1.0,0.7,0.1) (1.0,0.4, 0.1) 
[aij] A [big] = | (4.0,0.5,0.1) (1.0,0.2,0.1) (1.0,0.5,0.1) (1.0, 0.2, 0.1) 
(1.0,0.8,0.1) (1.0,0.8,0.1) (1.0,0.7,0.1) (1.0,0.7, 0.1) 
(1.0,0.1,0.1) (1.0,0.1,0.1) (1.0,0.4,0.1) (1.0,0.1, 0.1) 
[aij] V [big] = | (.0,0.2,0.1) (1.0,0.2,0.1) (1.0,0.1,0.1) (1.0, 0.1, 0.1) 
(1.0,0.8,0.1) (1.0,0.8,0.1) (1.0,0.5,0.1) (1.0,0.5, 0.1) 


Proposition 9. Let [a;;], [bi;], {cij] € Nmxn. Then the De morgan’s types of 
results are true. 


t. ([aij] V [Dig])° = [aig]® A [Big] 
tt. ([asj] A [Bis])° = [aig]® V [bis] 
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6. Decision making problem using and-product of neutrosophic 
soft matrices 


Definition 32. ing] Let \ (igs Hes eS ING Mies Te 1D tins Pi Wig) + 
0, for somel <i<m, (k-1)n<p<kn for alk € I ={1,2,...,n}. Then 
NS-maz-min decision function, denoted Drum, 1s defined as follows 


Dstt? NS Mig = NOM pig 


Dini = |(Hip, Vip, Wip)] = [da] = [(max{Hipk}. {Wipe}, Min{ Wipr })] 
where | 
» _ J maxper,{Hips}, of le #9, 
Mipk 0, if L, a 0. 
es 2 minper,{Vipk}, tf lk #9, 
ve, G, if I, =0. 
ie. = minyer,{Wipk}, if lk A 0, 
mu Lo, if lk =0. 


The one column f s-matriz Mm|cip| is called maz-min decision f s-matrix. 


Definition 33. Let U = {uy, u2, uz, Um} be the universe and Dinu (Lip, Vip, Wip) = 
[dii]. Then the set defined by 


optry,,)(U) = {ui/di : us € U,d; = max{si}}, 
where 8; = [lip — Vip, Wip, diy AO which is called an optimum fuzzy set on U. 


Algorithm 

The algorithm for the solution is given below 

Step 1: Choose feasible subset of the set of parameters. 

Step 2: Construct the neutrosophic matrices for each parameter. 
Step 3: Choose a product of the neutrosophic matrices , 

Step 4: Find the method min-max-max decision N-matrices. 
Step 5: Find an optimum fuzzy set on U. 


Remark 1. We can also define NS-matrices maz-min-min decision making 
methods. One of them may be more useful than the others according to the 
type of problem. 
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Case study: Assume that , a car dealer stores three different types of 
cars U = {uj,U2,u3} which may be characterize by the set of parameters 
E = {e1,e2} where e; stands for costly , e2 stands for fuel effciency. Then 
we consider the following example. Suppose a couple Mr. X and Mrs. X 
come to the dealer to buy a car before Dugra Puja. If each partner has to 
consider his/her own set of parameters, then we select the car on the basis 
of partner’s parameters by using NS-matrices min-max-max decision making 
as follow. 

Step 1: First Mr.X and Mrs.X have to chose the sets of their parameters 
A = {e1,e€2} and B = {e1,e2}, respectively. 

Step 2:Then we construct the NS-matrices [a;;] and [b;;] according to 
their set of parameters A and B, respectively, as follow: 


(1.0,0.1,0.1) (1.0, 0.4, 0.1) 
[a;;] = | (1.0,0.2,0.1) (1.0, 0.1, 0.1) 
(1.0,0.8,0.1) (1.0, 0.7, 0.1) 


and 
(1.0,0.7,0.1) (1.0, 0.1, 0.1) 


[bij] = | (1.0,0.5,0.1) (1.0, 0.2, 0.1) 
(1.0,0.5,0.1) (1.0, 0.5, 0.1) 


Step 3:Now ,we can find the And-product of the NS-matrices [a,;] and 
[b;;| as follow: 


(1.0,0.7,0.1) (1.0,0.1,0.1) (1.0,0.7,0.1) (1.0, 0.4, 0.1) 
a;;| A [b;;] = |(1.0,0.5,0.1) (1.0,0.2,0.1) (1.0,0.5,0.1) (1.0,0.2,0.1 
J J 

(1:00.8,0.1) €1:0,0.8/0.1)' (0,077,101) 050-7.0:1) 


Step 4: Now,we calculate; for i = {1,2,3} 


(p11, Vii, wi1) 
[diz] = (f021, V21, war) 
(L31, V31, w31) 


To demonstrate, let us find dg; for i = 2. Since i = 2 and k € {1,2} so 
dg, = (p21, V1, W21). 

Let tor = {ta1, too}, where tor = ([2p, V2, Wp) then, 

we have to find ta, for all k € {1,2}. First to find ta, , ={p:0< p< 2} 
for 6 =") and: 2: 
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We have to; = (min{pop}, Max{Vo,}, Max{Wop}), 
here p = 1,2 (min{ par, p22}, Maxr{V21, V22}, Max{wWo1, W22}) 
= (min{1, 1}, max{0.5, 0.2}, max{0.1,0.1}) = (1,0.5,0.1) and 
too = (min{ fp}, Max{Vp},Max{Wp}), 
here p= 3, 4 (min{ f193, float, Maxr{Vr3, Voat, max{wys, woa}) 
= (min{1, 1}, max{0.5, 0.5}, max{0.1,0.1}) = (1, 0.5, 0.1) 
Similarly ,we can find dj, and ds; as dy, = (1,0.7,0.1), d3; = (1, 0.8, 0.1), 


(i 0e7-01) 
(1, 0.8, 0.1) 


0.95 
maz|s;] = |0.93 
0.92 
where $; = fy — y1-W11 
Step 5:Finally , we can find an optimum fuzzy set on U as: 


optty,,\(U) = {u1/0.95, u2/0.93, us/0.92} 


Thus u; has the maximum value. Therefore the couple may decide to 
buy the car wy. 


7. Conclusion 


In this paper we have redefine the notion of neutrosophic set in a new way 
and proposed the concept of neutrosophic soft matrix and after that different 
types of matrices in neutrosophic soft theory have been defiend.then we have 
introduced some new operations and properties on these matrices. 
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